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(54) CZOCHRALSKI PULLER FOR PRODUCING SINGLE CRYSTAL SIUCON INGOT BY REGULATING 
TEMPERATURE GRADIENT AT CENTRAL AND EDGE PARTS OF BOUNDARY BETWEEN INGOT AND 
MELT, HEAT SHIELD FOR CZOCHRALSKI PULLER AND IMPROVEMENT OF CZOCHRALSKI PULLER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make a single crystal silicon ingot 
grow in a defect-free state by attaching a ring-type heat shield to 
a czochralski puller for a single crystal silicon ingot and by 
regulating the temperature gradient in the boundary between the 
ingot and a melt 

SOLUTION: A heat shield 214 comprising a ring-type heat shield 
housing and a support member supporting the housing is installed. 
The ring-type heat shield housing has an inner heat shield housing 
wall, an outer heat shield housing wall, an oblique heat shield 
housing floor and a heat shield housing roof extending between the 
above walls, and contains an insulator in itself. At least one of the 
following conditions is regulated so as for temperature gradient to 
be >2.5** K/mm on the ingot axis A in a boundary between an 
ingot 228 and a melt 226 and also to be nearly equal to 
temperature gradient along a drift distance B from the verge of the 
columnar ingot the position of the heat shield 214; the 
arrangement of the heat shield; the position of a heater 204; the 
arrangement of a cooling jacket 232; the position of a furnace 206; 
the arrangement of a heat pack 202; and the applied electric power 
to the heater 204. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 



17.05.2001 
02.11.2004 



http://www19.ipdLncipi.go.jp/PA1/result/detail/main/wAAAFzaGGxDA412335993P1.htm 2005/02/14 



a9)B*a#fffr (jp) (12) & 18 4^ ^ ^ (A) (ummmm^^mm^ 

#^2000-335993 
(P2000 -335993A) 

(43)i>HH ¥J«12^12^ 5 0(2000.12.5) 



(5i)inta' msijie^ fi f-t3-r(##) 

C 3 0 B 15/00 C 3 0 B 15/00 Z 

15/22 15/22 

29/06 5 0 2 29/06 5 0 2C 



mstm^ ^fS:^ m^^(Dm6 ol 22 





«*JP2000-52451( P2000-52451) 


(7i)tmgA 


390019839 










(22)mRB 


7jeK12^ 2 ^28 B (2000. 2. 28) 




^ttE^B]KaBlt;fclMT&ABE«flljn416 










(31)«ife*S^3B## 


3 2 0. 1 0 2 




A«»sa]gaaiBi«mTp^HAii^ ($« 


(32)ff%B 


^miW SM2SB (1999. 5. 26) 




AU) ftjIeTA— hl008-190ial 


(33)fijbtf£!ia 


*H (US) 


(74)f^A 


100064908 


(31)«j^^S#^ 


3 2 0. 2 1 0 






(32)S^B 


¥lfell^ 5 ^26B (1999. 5. 26) 






(33}aj!cts^sa 


*H (US) 






(31)«|^£S«« 


199938990 






(32)SjfeB 


1^ 9 ^ 13B (1999, 9. 13) 








mm (KR) 







(57) CS^^J] 

immi ^fgB^ti-r^-rf-y hWT'2. 5° K/mmJ; 



130 



102 




.100 



m 

^i^^ifm. > ft: ^ESf?/ N -> ^ y iSR t>* Huia p^^m 

3 ymm^=^^^-t-^ip^^isbxm^^B'> V n yr}~ 

3 yjg^itei^fsw-r s j!P^-g-46Tm^^-y u n y-Y yrf 

3 ] H5ta3a$a5«*^tuia u y sfajasff/N>> 
i^y^^s -^PMS-r t—ocDS:it7-A*^ty 
c fc ^wmtT^mj^m i {cietgoMtai^' u n yrs^i^ 20 

^««-r-5^^$*Tm^B%~y y n y-f ydf-;/ 
[ft 3?^ 4 ] Bi]fia^i>^ < i: —^<D^mT~L.ti'it(D 

y^m<m^9^mt^ ip^^-^tb rmm^s >; n y-r y rj >y 

c ii^r^f^t^^ll^JlUcfaitcotfiiai^'J n yj^iS^ 

C»^:s 6 ] Mta y y ^"^5£«Fgi5«7!)^^n?. cor^fcjg 
^«&s^*-&trrtg|55^^tgp«as:t;^r|.g|55s:^tglJ^^g;g:-g•^r 

ci i: ^^mt-r:s>m^^ 5 tcfe«(?3Mia'y y 3 y^^m^^ 

^«Wr5<p^^46TmieS-yy ny-rydf-y h^rfigS 

[«^« 7 ] Miay y^'"§^3^«Fg|5^^*^^<ortgl5^o* 

oMta-y y n y sgstf&^iswr ^ tp^^46T*i^S'y y 

im^m 8 ] seta y y^m^w^mm^^^tc y y 
3£itgp«Tfe« ct^'^WLtT^m^m 5 {ci2«<3DMta 
y n y^sil^^{s*-r 5 j^^r$«>T#igSi> y 3 y-Y 

ntc ct T tota-y y 3 yrsstti*^ e-mj^s-y y 3 y-^ y 

df -y h ^? l±tf 5 ^19:^ ^ fc-&i6, t5iam?5^B-y y 3 
y-i-yzf-y htiifii:m§Jo?ii^w-r^L. Huia'yy3 
ymm^tmE^ydy hAvy3'-y h-jg^i^i^^fc 

J;oTK^^?n«U. so 




#r»fl2 0 0 0-3 3 5 9 9 3- 



tc ia^jfi»f N y ^ fcf^iif / N •> 5^ y if M-e 

-OA^tyia$fiT'tOMfB'f'y3'-y h-?§S!l!!^iKWT'©}aK 

mi'fcmim^^'^tsct^^mt-t^m^ 1 (ciatg 
(^Miav- y 3 y}g^^^^«^-r ^*p^-&46T¥^^i/y 

i/ y 3 ymB41^^«W-r-5MiaS>i*ftF*3<73j5Ph . 

tciajp^Htf Mta^tj<*rtcD n - ^ t . 
rtsu^jfi^r-'N'^i^yi^Ms ^^wmmf^^yiyy'^'m.. m 
1/ ^ fc:^«/N'> i^y'^m&TSwM^^mmnx' ^^^'jyf 
^}i¥i-^msm<f^tfVy'fm<ownmmt^^^w^'^ 
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S?©Pg?r-g-tf d i:;g:#®t-r ^«*^ 5 6 tcfBtcOtulB 

fB^»f«:*^l^jJS«ff±l«Si:SKii®»T)S*-&tfL. tulBfe- 
BA^Suia^jSjeriS t tijiatPii^cDr^cogigloaffctc: i o 

30 T^s?^n. B9iB^jiWi*<Dia^j*<tutaf^i£i»TiS{i:i« 

B*^Mfa*P±4S WiBli - ^ ±ffi(DPacDS^^^{t 
5c:i{cj;-pTSS?$n5U. ^fc. Sutam 1 S^ISPg 
*^WfaWTowta-i'>':J>y h -jsai^oiK^Toiag^a 
ia*^t5iaRMSoigt*> e. oassst^d-coiasf^E i: 
< t>L:kitm-icmi^-r^ <t -5 {cMiaf^»f^t:<Dfi[». 
wta^jis»r<*oE5iJS:r>* fflfia t — ffiB^ss?-r -SIS 

[I9^« 6 6 ] Hutar A'*^±fi!gi: *PT4SS«:-g-tr W 
fat-^*^li-iSf±fiSfcl:-^rjiE*-&t?L. SaiBJ^^li^ 

fc±glJiiDf^/^-y i'/N'>i?>'i^tTa5*a}^''^>y ^'^'^i^y 
i^^^tfU. H9tat:-^'C0fi[BA^H3faj;P±S!Si:Hutafc- 
^ ±!^<^)F^©^Bi^^fk ^ -a: S c t <fc -5 TS#? ? n. 
Buia t co{4BRt;Huta*^©{uSA^Si*i*fc W L TS 
so il^clSll^fc^ftU H9ia?$aii^-\"^-y hOfitBA^SasatP 



(8) 



#M2 00 0-33599 

14 



[000 1] 

roelectronic) M^maJsmSlXSmmh L 
[0 0 0 2] 

gi|£#t*:!t^M;&S!«-r ^ c i: tt^ri^rc^mmcts-y x < 
[0003] ?i!e*(Dmi^B%-> 'J 3 w :/rr-y h ^isii-r 

milSt±r>;l/:7i:^>>/^fi:lcJ;-:3T 1 9 8 64pf^^^n/c 

h"Sllicon Processing fo 
r the VLSI Era. Volume 1, Pr 
ocess Technology "<0 1 ^> 1 ~ 3 5 ^ 

•rso mm^Bi^v=i><Dmitxn^m. (electro 

n i c grade) ^ifS^ati^^^v-U n>'-r>rf-y 

?nSo )flS?nfcHufB«?iHi^if5B^B'> u n >t±^ 3 ^ 
(CZ) j*X«7n«y h-y— y (FZ) S^^S* 



CO 0 0 4] i-3i^^)ix^mmimnxmm'^fm=?' 

iE5f [Biyp^ffi^frr § 'J :3 Vi'- KiS^*^'> U 3 

)o teW{C?|±tfiiS(DHSt/^lCKW73lRl{C|Hl$E-ri.o 

[0 0 0 5] ?aW3l±tfiaS«tg)t>f65ti:i$t^<0-^i>U3 

ycD$i$t,^:t-.'yi'*^ffM?ti«o SeI/^t, mmumti^m'p 

^T'M< L, ^(D^r—JV (t a 1 1 ) *^J^^?nSo 
[0 0 0 6] 01 tii^a ■i''^;V7.^y—^~(DW^mx 

-1 ooiitp. m^3\±if^A-xi.. mmmmRxf 

X4^*Pti— )Se5(C>t;-y h (hot zone f 

u r n a c e) tmttl^o ^^y hV''— Vjpti. t— :Jf 
1 0 4*^5f^e.nfc«Pl 0 6. IIIBA^?>{^e.nfc-9-fey 
7°^ (succeptor) 10 8S.TJPS^?nfc<J;p 

1 ;^i£a 1 1 2 {cia]»i-rsiai$£W 1 1 0 ^^tSo 
[0 0 0 7] ^^^'J-^^^y h (cooling jac 
k e t ) ^li'^mt^— h (cooling port) 
1 3 2 (water cooling)<?:>J:3* 

^^^n\^mc^-^xnis^-&n^o mm^i i ^m^ 

eat pack) 102 *^f^®lR!f&SC 1 1 6 »C5fe«t? 

[0 0 0 8] i^Sf l±tf^*:::.XAt±0^5^n/fcJ;'9(C 
m 1 77lfll 1 1 2 {cS3*tC*5^2 T^lcil 1 2 2 fCllHs-rS 

ct*^T't?.i^^B?i±^fwi 2o^^tyo mwB^mm 

1 2 oa^-coi^gPtC^y— K*;;b^- (seed hoi 

d e r ) 12 0a ^^tfo v'— K;^;l/^f— 1 2 0 a tii^ 
- Kl^a 1 2 4 ^JiA.T'(/^S *F 1 0 6 rtOjgBtf^ 1 

2 6A-?>gi±tfp.n^>rr-y h 1 2 8^ji5^-rso 

40 [0 0 0 9] iKiSWv'XT-Afi^^-^ y/^-ggi^f* 1 3 

0. ^^iy^T^y V 1 3 2Rtf0^L^(/MfiOjSi«jSiJffli 

[0 0 10] ^ifa^-^'jny-rvrf-y h^ss.m^^^rz 

L. rih^nhMii^ (±fflij) {c?i±ife.n§= ¥i^B^-> 
u n y-NOv"; 3 yjgijifS) 1 2 6 (^nwRxsmmt m 
H) «-r>rf>y h 1 2 8 tmmm i 2 eoF^o^^ 1 3 

so 4T*e#«o 0 1 tC^Sn/iidfC, 3 4«}gBJ! 
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[0 0 1 1] ||(gcDi/'Jn>^ya-y hl,i^^±-^. X 

ttf^L<^l\ C<D^^rj:Xmi'i--^mc!^!km (po 
int defect) Xtit^ (agglomerat 
e s : H^TC^H) i:^3»$n§o ^^|5fi«-<-;?7>-> 
^S:5<J|5S t -< — X ^ -> -v^l/j^^Pfit V> d Ugetj 

[0 0 12] Mima, -f^mici^va^mmmi 2 e 

i:@i*->Un>'T'^«'f'>rr-y h 1 2 8o:>m(OmWl 3 

ic^\±if^ ^tic^-D xmnx'^-D fcUi^imw 

fvmii 'fT.u^—i/a yiKm^it D-fyx.yi/h ( D 

-defect) tmitl^ti^^^a murc^iciic: 

€?nSo m-ox. ^—:f3>->mi±mciicop (cr 

ystal Originated Particle. 

s)^ LST (Laser scattering To 
mography) XiiF P D (Flow Pa 

ttern Defects) t^l£tl^<lti>^^o ao 
l'>^f-X^->^;l/mSfcL/D (L a r g e/D i 

s 1 o c a t i o n) ^tty^^txXfv^^o #ifSS~>'J 

=iyx'(oxmcn-r^mmii'yji^yisi.if^'yf^mcj:^ 

[ 0 0 1 3 ] ^ < <D^^ (parameter) ti'^^m 
t£t\^^t)^^^tl^^!ltl,t^r>X\,^^CtX'^^o 

XUm^m^mmir:^Ctt)m^riX(^^^o .l^avn:/ 40 

(Dmmx'yMG<Dit (v/ctw&^n^o ) tf^yd 
-y hx'^xm>mm^i^^-r^ctx'^^t^t)^^v. 

CCT'V«-Y>rf-y h(D?\±l>fmmX\ G^if-yrf-y h 

oynrBcA^^jZEL/i"! he Mechanism o 
f SwirlDefects Formation i 

n Silicon"[Journalof Cryst 

al Growth, Vol5 9, 1 9 8 2, pp. 

6 2 5-6 4 3] tci¥ L<faai$nTI/^§o 
[0 0 1 4] .i^nyaT^aiScDjSffl^ 1 9 9 6J^ 1 1^ so 
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2 5BA>?,2 9 B$-eiBt/^fc->U3y!i%K(Cji^-rS|pJ± 

^tircitmmmicmir^mz^xmf^i^iy^^i^'t7 L. (s e 

cond International Symposi 
umon AdvancedSclence and T 
echnology of Silicon Mater 
i a 1 ) X:$^liim<D^m^t)'^^mLfcmX" E f f e c 
t of Crystal Defects on Dev 
ice Characteristics"© 51 9^— 

s^'fctiiTt^^o ^^mmxmzicmmTn-^nrz. issi^oh 
1 5X\ Wy'G cornet LX-^-iJZyiyRU-^y^-x 

^^i//^l/'^-7.=i-l^\ V / G cfc T 

[0 0 15] M'^m^mmsm<ry§><(DK\z 

[0 0 16] 

■r-2. 5° K/mmJ;'3::;*:^<, S/c-i'^/ri-y htDRfft 

^ajK^SH^f :/rf-y h -^mmmm-x''^-^ c t^^^x-^ 

2. 5° K/mm<t t);^!? <. ^fc-Odf-y hcOR^S 

i4»c L Tli ?. A./cV > rf -y ^ - il 
tA^T'^^o c<7?J:^(c?|±tf^nfc'('>df<y h«^8ff 

— x^-y -v ;i/tt<o*i-'^|gttDftsXR§ 'i' X — / N{c:ft So 

[0 0 17] 

cfc^tciBB-r-So Anl^/^yi'AW^rtT'b-^^ffltf 




[0 0 18] :^nm<DEmis \^sfimmm^^^i^yifm 

(inner heat shield housing 
wall). ff\-^mj&m^^'tfi^>">'S. (outer h 
eat shield housing wal 1)^1^ 

^^frmMm^^'yiyy-^/'iS, (obllque heat s 
hield housing floor) RZf^^mM 

ntc^Wr^^'^l^yifm (heat shield ho 
using r o o f ) ^-g-tf^a ^•5;l'X^7°— ^— 

[0 0 19] —o(DmmmT\ ^n^tiiiv>'>'mm& » 

A (support arm) ^-g-tf „ S0iaO5l>* < 

MT?. ^nmii<t^)y:fm%wmmicrj:K)m^o ')yf 

[0 0 2 0] *^B^{cj;^i:. SKijief{*<DttB. fKUJl»f 30 

tea. ijof^/Vy i^(DgB«S:a*t-^ftcjiffl^n§«:^cD 
i!^fl:< fcfe— 05bV:/:J'>' hWT2. 5° K/mm<tO 

[0021] ISaiL/c^^ (parameter) CO^ 

[0 0 2 2] mmmi^<Dimimmmmcmmm^^m 




#f^2 00 0-3 3 5 9 



18 

^"s. ffli/ ^ tzmmm^ ^^yt^y y iss t>*i^gf5f^»f/ n 'y 
[0 0 2 3] m^^-^rcmmmis.ii7i<w-t<Dmicm m^B 

[0 0 2 4] n-^t±$fc:t:-^±^fct:-^jS^-&tr 

[0 0 2 5] ?^SJ'^-^y>y ht$/c:(^ig]i^i"^-y h±ffi 
t.i%Wi^^y-'y h<D&i^'^tsL. i^Mii^^y-y hcDiuM 

^mm^^y ^^^'yi^y-ytT^imm^^y ^^^'yiyy^~^ 
m^^y ^(ommirm'^ l < i,i±mtam^^y ^^^^ytpyf 

[0 0 2 6] ±a5ADl^/^->i'-'N'>i^Vi^~{ii!>*< h tg|5 

[0 0 2 7] mm-^^mi\m'&\.<^tiLmmt^y 

';7\^'jy^\mm^ixzmnt:^)y^m^1S\f^'^'J 
y^'^^nt^c 

[0 0 2 8] mR{.rcmmi. »^\.<li-^y:dy hm 
■C2. 5° K/mmJ;»?:*:^<x ^tc^yrly hcoFim 

•omiiX(D^y::ly b -mm^<Dm^xco'u&^mf}^Fi 
mm<^mi)^^(omwi^mx'(DWMmit'p^< ttp^i* 

yhomm. p(OiiLmR^mf^yi^<Dmn(D'prj:<t 

fe— oA^fftT'O-ryrf-y h -mm^mnx<D'um^&'' 

[0 0 2 9] <^ic. Syi»f(*ofi[Bx S^»fi*<OiB?ijBr 




(1 



Y-mwkmmmx'<fMm3^z. 5° K/mmctt):*: 

[0 0 3 0] 

[00 3 1] <«|| : -<-*>'->-aSS.C?^^^RS'>i 
->'N>H37!(M0 7-&#B§LT. ( 1 ) ^(Qcf ^{Cjg^ 

tf (2) -<-;?7>->-Slf®^fc'i;x-/Nigic!)H{cfii» 

(pure region) 

/l^avn:;^ (Voronkov) OiiM*-'?>$SS'5o 
D>3y(Oillit±0 3(c0ie6<Jfca^SnTI/^l.o iitE 

&iScaggiT'<D (V/G) icfct):^#<. (V 

''^*^»3gT' % ^ i: 1/^ <: i:*^*^0^{c J; o TB^ e, A^^c^S: 
tjfco #{i:v/G(4-i':/rr<y hT'>x— /N;Sr!BI^Si|£@ 

Ci^65#14{i:*aH LT x-zNcf^A^ C,lSc^)7^{C^^ < 
i:Z^^i>f-So t«^-pT. ^^O'J'x— /M±03fC;^LrcJ;d 
fC^cDf^J* C E (CMS ^ t?^|i@:^[«ti V/ G ®fflJgr 

Loo 3 21 iyV^iy-^yzly hRU'^jL-^^comjaX -to 

-y-V^l/tOt* (agglomerates) Ofl^JSgtCfe 

So 

[0 0 3 3] 04tc^Lfc<fcdfc. *f§^»cJ;Si:, ^ so 



1) 
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i^f^i^mmm [v] 'Rif^n-o^^-x^iy-viVs^^^ 

*fSBJ{cJ;;5i:, feL;^^|5@(OSS*^'i7x-/N«Dfflt)<D 

ffi^T- c <D J: ^ ^femgjif i^Tfc itif ? n s o T? n 

P(§tS^ AWfig ? ns i: t ^ ^ C i: c, *^^c:ft o /-Co 
[0 0 3 4] iJ^oT. 0 4fcS^LfcJ:'5fC. -^-;;^7>'>' 
iiftf t± C cDftjfi^^^^ L T ■> X -/ N^;^^ o T 

Bg^-<-;?7:^i^igjS [vj *JWT{c*iit?nSo 

[0 0 3 5] tJeoT> 0 5fcS^Lfcd;5{c:. --^-;<7>'->' 

-msmm [v] ^^^otfj^tcj^^^nsu 

[V] (Dnm-^ii^ji~^^<om<Dmmii^ 
~:^>i^mm^^^i.. tp] ts^^ns mnxnm 

[0 0 3 6] t'y^— X^v'-^;Wi:)i^LT$/c0 4^# 

?.«fi^Sa{cm-rSs •>x-/N«igtE*>e,liSi5c^g|Li 
(cMSST'^|?'t'y^f-;^^>'-^;l/igS [I] *Ji(Ttc 
^tit^nSo ■>x-/N£DffiiSrSe^Li tltEcor^T% -1- 

xmnmrn en *jj<±T'fes»^T-*.. ^tSffCcfcoT 

tiS-ry^-j^x— /N-eJ±;«C#:2. 5 — 3 c mT'feSo 

"Smm [V] i:. •^-;^y>--aSM^i:iiSior^{c^>X: 
R&M^ [P] ^W-rs-tr5-4»^|5fi'>x-/N*^J^^?n 

So »SL<«. ^^^:Pigffi^ [p] i,i'y^-fsmm(0'P 

i:fe6 0%{c:*Sc 

[0 0 3 7] aST'tD-i^x— /N^grJ^sKf S/c:i6{CV/G 
(4«fiiSaT- (V/G) 1 J: I.^b. 'P^CX (V/ 
G) 2i:lRlC*^J;»?/h$<Jfl«fb!5:ltn{f*e.5S:l>o V 

tblcii, — -^c^)^e^%/t^L*^^n^^^e,;&l.^o — og 
•>x-/N£Oi*>^C*^P.'>x--'N(Dai!c{g^a{cSS 

fifcT. '4'^T'<DV/G{4-^-;^7>>'tS:&'^ 
-;i7:/i^-SSmiicrttcfflJ©J-rSfc46fc (V/G) 2{c 

I T'OV/Gtt-Y^^j— xf->-v;i/i»^B&±-rs/-t«6{c 

(V/G) I J: liitL^t^n{f^e,^(.\ '{J^-p 

tl£iS[ffil?|(cSS*TV/G!b^ (V/G) it (V/G) i 
<DP^T'*lifr S J: tc G (Drnttrnt^V^ S J: ^ fc^ 

[0 0 3 8] -■OS<Dmmti. ■>x-/N*^>'-K (se 
e d) -pTt"— ;1/ ( t a i 1 ) T'iiSlto S S T'iS 




(12) 
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y rf >y h ti^mmm-^ ? I ±tf n ^ ^ G ^M'> * -y: ^ 

[0 0 3 9] -O'^y hm\±''f'^n^z.ticj^^v/ 

tS^ [V] (cMPST'^So '^>i'-Xi-iy^;ViMliBl& 

^n*t/^L. -<-;*7y>'-s*^^ [V] mi(D-^>u 
hmmiiimximxm^Tj^-r [p] i:s^^ni.o 

^c73cti^{cffiB-r^'^-;«7>'>'-S««i«^ [V] t 

5T;l/7r — i;><y •yi' (alphanumeric) 

3— K-??fe§0 6{ca^$nfc" I D"T?fe-i I D^T-ffi 
mX'^^a <l<?3j;o*l 8f@cDlB^i±# — ryrf-v hi)-' 

[0 0 4 0] STtiV/Gigr-rvrf^y hJb^MHSI^A^?)?! 
Sfc:46. V/G^n-ocDBI^tbOP^tcSi^f $^i:Sfci6{i: 

§ \±t,fmm vii^ tc—^ffjicm'p'r <= ^ 3i ^ n i 

l±XS^?S^I^S-r^/5:i6tC«^®*)c (guard b 
and) i)mn-^H^o 

[00 4 1] msnmm i zimsnmmiicnjt^-r^ 

•To HSlc^^nfcJ;^}^, t LV/G)!)^'>x-/n4i5^ 4o 

^mmt (vxG) icfc'3iS<^if?n§o ^a^-pt. 

^RSi/'jnv [P] *<?gfig*n5o — oo-b-y hO-J^x 50 
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CO 0 4 2] ^^Rli/'J :3y©fcJ6©?|±tfjia[7°D7 

[0 0 4 3] <mffi : ^fea^nfc^^a ^^/i/x^^p^-^ 

-Sl>'^ji»Tl*>0 1 3^#B^LT*f?B^{cj;53cS? 
b/cJ;-5{c, 3feS*txfc^3 ^^;l/X+7'-^-2 0 0 

1411-^^2 0 4. i'*->y*^P.:&§r2 0 6. ||^7b>& 

1 2(C[H)te-r«[HlfEM2 1 O^-g-tTo 

[00 4 4] J^iPv^'-V-Jry h 2 3 2 A^7l< 

•y ^ 2 O 2 t±^tDl^gP(cfKi®lR!fe|«2 1 6 ^tbXim 

[004 5] m^m±if^:»-XL.t,i. mmvrcj:oic 

2 2 0t±^c0!ffig|5(c~>- K.t;;U^-2 2 0 a^^tSo 

— F5f;;l/^— 2 2 0 a«-y— Fi^S2 2 4 ^JSA/Tl/>5 
^2 0 6rtcoM^!i^2 2 6i)^P}^\±l,flbnr-(yd 
>y h2 2 S^grfl^fiSc-r-So 

[0 0 4 6] iHi^i®->x-rA«^-vy/^-^Mi*2 3 
0. H^SUi^'^^y h 2 3 2St?0^L^V^ft6fi!)i>lE»^Jffll 

[0 0 4 7] m^g^B'>Un>''fi/rf«y h«rjSS?'^±«fc 

tsb^C. V— Hi^^a 2 2 4 U 3 V^ill^Sl 2 2 6 

?l±tfW2 2 0X«ffiOffl^<D^gtcj;t?Tf£A.:^AJ4 
ny^Bi^f 2 2 6(7)i^SPS.t>*ia«{t:t±'i'yrf>y h 2 2 8 

tmm^z 2 6(Dm<Dm^2 3 8ti2^^„ 

[0 0 4 8] :^f^mic^^t. mmmit^z 1 4of4H. 

^jS»Tf*2 1 4 OBB^IJ. 2 0 4 <Dim. ^iPi^^ 

^•yh2 3 zom'L ^2 0 6<??{4H. Aaf^/^y 2 0 
2(DB2ma*t:-^r 2 0 4 lcm^Zn^mt}<D'prji<, t 
'^—Oi}m^Atm^tEtl?>^ydyhmV2. 5' K 
/mmJ;t);^^<. S/c^;^ B irSS^^nS-T ^rf-y h 

14. Hi 3lC7jkl,rcJ:olcW-^Xh^t)>Xlit->V =ty^ 
mmz 2 etc^tLTB^e.A.fc'f yrf-y h -}ga!!|!Sli^W2 

3 8^i#§<:i:7!)^T't^J;9{ciigiiT'$5o 

[0 0 4 9] $-f. 'I'yrr«y hWT-2. 5° K/mmJ: 
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[0 0 5 0] <mmm^jiwm>U{Kmi^'} :3y<omm\z 

AV/G= (V/G) 2- (V/G) 1 
AV/G=V C(l/G2)-(1/Gi)] 

[0 0 5 2] AG'^i^cD^ (5) T'^«-r-5o 
AG' = Gi-G2 •• (5) 
[0 0 5 3] m^^X. (4) T-AV/G^B/Wtr 

^fciibicki. :k(0^ (6) RU'iC (7) *^*HtJn^tt 
AG'^0 ••• (6) 

G2>2. 5 •- (7) 20 

[0 0 5 4] (5) (6) ^m^-t^t. 
^ (8) *<»c.n«o 

G2^Gi ••• (8) 

[0 0 5 5] ^ (8) fi-Odf-y h-^ 

m<^mnx'Pimm(Dmi}^ ^ii,mm'^<Dmm^m t 

^t. ^ (7) t,i-f>:dy h-mm^m^x(oum^w. 

[0 0 5 6] ^ (7) a. ^\±ifmmv<DTmi}'^±i^ 

0. 4mm/min. X&^OX'M^^rsmmicm-^^^ 

xm p. nfco c oiiaEJu;<TT'0? \±ifmmx'i±-f 

(V/G) zOllHe^J^SrTPStiO. 1 6mm/° KT'^ 
«o Sf-PT. IAT'<DlSjK^B3t±2. 5° K/mnJ;*?:^^ 

[0 0 5 7] *%B^fcj;«i:. h-mm^mn 

X'(0'Um^Siti^±i^m (01 ST'CDJ^fijiSAfcMfS) T'O 

wmm.n2 ss^si 3T'^^nfcj;3(c¥^"efe5 
[0 0 5 8] ^I4e«j{c. -r>rf>y hiti^tcif^. -r:/J 



X<D^Wr i:WzCi?aSF<£JiBAV>'=f-y hOWA^e.^'V 
df-y h©P3MS^)!)^P,Ot!Si;jiEm*T'(Cffi»? [V] 

i^os (1) (2) jb'^OiiOo 

(V/G) i<V/G (r) < (V/G) 2 ••• (1) 
(V/G) i<V/G (z) < (V/G) 2 •• (2) 

[00 5 1] miinmwim.t)^ibo:)WB.^m<Df^x(D\/G 

(4) ■t?*J6e,4a-5o 
••• (3) 

= V C(Gi-G2)/(Gi • G2)) 
... (4) 

[0 0 5 9] 2fs:^HJ(Cj;Sfc. l^cr>gSncOMIl7b^5.iP2 
0 QP^-^<Om&mz 2 6A^^l'>dr>y h2 2 SfCgStlS 

^fcJt'^s ^pa^%2 2 6A->?.^M2 3 6<D77(i:J;t)^< 

^ S . JK»/Hi*:<DiKW^«l©<5S^{Ctt:'^?Ri*:/^^ 
<Dm.^^mm-oXJ;iK>^<<Dmff^Mm3:»mi^<^rj: 

2 0 4 *^e>{>t*Pe5;*l^*^^M2 3 6 ^igftLT-r >'df 
•y h 2 2 8®i»$TflJ»L:*tttltf^5:fel,\ 
[0 0 6 0] 0 1 Ali-^yd-y hCicfi^ (fS) Cii^^m 
E $TC)^^D(^)MiSi: LTO^S^^BHG^^LTt.^ 
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